In this study the effects of ink (offset and toner) presence on the mechanical, physical, morphological and thermal properties of newspaper-and office paper fiber-plastic composites were investigated. Printed and unprinted newspaper and office paper fibers were mixed with recycled polypropylene at 50 % by weight fiber loading. The samples were produced with extrusion and compression moulding. The mechanical properties, water absorption and thermal resistances of unprinted and printed newspaper-and office paper fiber-polypropylene composites were compared. In addition, samples were characterized with Fourier transform infrared spectroscopy, and scanning electron microscopy. The obtained results showed that ink presence in the fiber matrix enhanced the water resistance and mechanical properties of fiber plastic composites. Due to ink formulation and fiber characteristics, better results were obtained with printed office paper fiberplastic composites than with printed newspaper fiber-plastic composites. Scanning electron microscopy investigation also confirmed the good interaction between polypropylene and toner-printed office paper fiber. Moreover, differential scanning calorimetry measurements showed that higher crystallization (χcor) values on printed office paper-and newspaper fiber-plastic composites. This work demonstrated that undeinked waste paper fibers could be effectively used as the reinforcing filler in thermoplastic matrices.
INTRODUCTION
 Nowadays the use of wood or other natural fibers as a filler in plastic material has become common in the production of facade claddings, railings, decking, decorative profiles, window frames, automotive parts and furniture applications. Wood plastic composites (WPCs) or natural fiber plastic composites (FPCs) are cheaper than pure plastic and more durable than solid wood. If desired, these composite materials can be produced totally from waste sources such as waste fibers and waste thermoplastics.
Waste thermoplastics and waste paper are the two largest recyclable components of the solid waste stream. Generally, in WPC manufacturing, virgin thermoplastics including polyethylene (PE), polypropylene (PP), polyvinyl chloride (PVC) and polystyrene (PS) are widely used, while recycled and waste plastics have been used for WPCs since the 1990s [1 -3] .
Waste paper is generally utilized as a source of fibers in paper production. Recovered paper constituted 56% of newsprint, printing-writing paper and other paper-paper board production in 2016 [4] . However, some types of paper cannot be recycled easily due to cost of production.
Paper recycling is a very simple and economical process which usually involves stages of classification, cleaning, deinking, removing of dyes and clay and bleaching [5] . These stages and the chemicals used during the recycling process increase the cost of the end products, depending on the type of furnish. One of the factors that should be considered is the ink formulation [6] , as it affects the degree of difficulty involved in the process of deinking the fiber.
During the printing process with newsprint oil-based ink and water-based ink, no significant changes occur in the chemical properties and hydrophobic characteristics of these inks. If the carrier parts of inks are hydrolyzed or eliminated, hydrophobic ink pigments can be easily separated from cellulose fibers by flotation. On the other hand, during printing with toner ink, polymerization and oxidation reactions take place. The polymerization causes a strong chemical and physical bonding with cellulose fibers and creates larger-sized particles. The oxidation creates a greater polarity at the toner particle surface [7] . These two factors make the flotation process difficult, and therefore, the use of specific aids and different processes becomes necessary. The efficiency of ink removal for toner-printed office paper can be increased by using enzymes [8] , agglomeration and magnetic deinking [9] and ultrasound [10] . However, all these extra chemicals and applications increase the cost of the end product. Toner-printed office paper which cannot be recycled effectively because of deinking difficulties may be utilized in composite-plastic manufacturing without deinking.
Some research in the literature has been conducted on waste paper usage for plastic production and on paper mill waste usage as a filler or reinforcement agent in WPCs. The mechanical and thermal properties of newspaper fiberreinforced recycled polyethylene terephthalate (rPET) composites were examined by Ardekani et al. [11] . They concluded that SEBS-g-MA usage improved the impact strength but decreased the tensile and flexural strength of the composites. Furthermore, they reported that newspaper fiber addition in rPET increased the crystallinity and thermal stability of the composites. The recycling of disposable cups into paper plastic composites was investigated by Mitchell et al. [12] . They improved the mechanical properties of WPCs with an addition of 40 wt% of disposable cup flakes in polypropylene (PP). Rodrigues Filho et al. [13] used old newspaper for cellulose acetate synthesis; however, they used only unprinted parts of these papers. Ismail and Bakar [14] studied the properties of a thermoplastic blend of paper mill sludge and PP and concluded that the properties of the paper mill sludge PP composites were similar to those of conventional WPCs. Furthermore, they improved the physical and mechanical properties of the composites with the esterification and acetylation of paper mill sludge. Soucy et al. [15] also studied the potential of paper mill sludge usage for plastic composites. Their results revealed that kraft (chemical) paper mill sludge was more suitable for plastic composite production than chemi-thermo mechanical and thermomechanical paper mill sludge. Huang et al. [16] examined the characteristics of paper mill sludge-wood-fiber-highdensity polyethylene composites. They concluded that by replacing half of the wood fiber with paper mill sludge, the bending strength and modulus of the plastic composites decreased by 16 .08 % and 29.91 %, respectively, while the impact strength increased by 11.31 %. Sailaja and Deephti [17] studied the mechanical and thermal properties of lowdensity polyethylene (LDPE) and esterified unbleached wood pulp. They improved the mechanical properties of composite plastic. Cellulose addition for the reinforcement of WPCs were also investigated and significant improvements were obtained [18] . Pesman and Tufan [19] studied the effects of CaCO3 coated wood free paper usage as filler on water absorption, mechanical and thermal properties of cellulose-high density polyethylene (HDPE) composites. They concluded that calcium carbonate presence had increased the water resistance of cellulose fiber-HDPE composites [19] . However, no research has been conducted on printed waste paper fiber usage and the effects of ink presence on the strength and thermal properties of WPCs.
In this study, ink factors for waste paper FPC production were investigated. Two different furnishes, newspaper and office paper, and two different printing processes, risograph and laser printing, were investigated along with the effects of ink presence on the water absorption, tensile properties and thermal properties of waste paper plastic composites.
MATERIALS AND METHODS

Materials
The raw materials used in this study consisted of printed and unprinted office and newspaper as fillers and waste polypropylene (rPP) as the polymer matrix. The newspaper (mechanical pulp paper) was printed on both sides using a Rex-Rotary DX3443 risograph machine. The office paper (chemical pulp paper) was printed on both sides using a Brother DCP-7055 laser printer.
Fiber preparation
First, office and newspaper samples were divided into 3 × 3 cm pieces then repulped in a Micro-Maelström laboratory pulper. Pulping was carried out at 45 to 50 °C for 10 min without chemical addition. After the pulping, fibers dried to oven dry at 103 ± 2°C for 24 hours. Then, dried fibers were granulated into flour form using a Willey mill.
Composite manufacturing and compounding
The experimental design of the study is presented in Table 1 . Two sets of experiments were carried out. One was designed to investigate the effect of the furnish grade of newspaper (mechanical pulp) and office paper (chemical pulp) fiber, while the other was designed to show the effect of ink presence in the polymer-filler matrix. During the manufacturing process, depending on the formulation, granulated recycled paper plastic pulp fibers were mixed without addition of a coupling agent in a high-intensity mixer to produce a homogeneous blend. This blend was then compounded in a laboratory scale co-rotating single-screw extruder (RONDOL 3212). The four-barrel temperature zones of the extruder were controlled at 175 and 190 °C. The extruded samples were collected, cooled, and granulated into pellets. Finally, the pellets were compressed for 3 min at 170 °C into 5 × 150 × 160 mm composites. The reason for choosing the ratio of filler to 50 % is to see the effect of the presence of ink on the fiber composites more clearly. 
Dimensional stability
The water absorption (WA) tests were carried out according to ASTM D 570. For the WA test, ten 50 (L) × 50 (W) × 5 (T) mm specimens from each group were used. The conditioned specimens were completely immersed for 2, 24, 48, 96, 168, 336, 504 and 672 h in a container of water at 23 ± 2 °C. At the end of each immersion time, the specimens were removed from the water, dried using a clean dry cloth and immediately weighed to the nearest 0.001 mm. The water absorption (WA) and thickness swelling (TS) values were calculated using the following equations:
where WA, W1 and W2 are the water absorption (%), weight of the dry specimen (g) and weight of the wet specimen (g), respectively.
where TS, T1 and T2 are the thickness swelling (%), thickness of the dry specimen (mm) and thickness of the wet specimen (mm), respectively.
Mechanical properties
Testing of the produced composites was conducted in a climate-controlled testing laboratory. Flexural and tensile properties of all waste paper FPCs were determined. The flexural tests were conducted in accordance with ASTM D 790. Test samples were cut to the dimensions of 150(L) × 13(W) × 5(T) mm. The span length of each specimen was 80 mm. Samples were tested on a Zwick 50 KN. The rate of crosshead motion was 2.0 mm/min, which was calculated according to ASTM D 790 standard. The tensile tests were conducted according to ASTM D 638. Test samples were cut to the dimensions of 165(L) × 13(W) × 5(T) mm. Tests were performed at a rate of 5.0 mm/min. Seven specimens of each formulation were tested.
Thermogravimetric (TGA) and differential scanning calorimetry (DSC) analyses
A Perkin Elmer TGA-6000 thermal analyzer was used for thermogravimetric analysis (TGA) of the samples. The heating rate was 10 °C/min under nitrogen at a flow rate of 20 mL/min. Tests were performed at temperatures ranging from room temperature to 600 °C. TGA measurements were performed with 17 -20 mg powdered samples.
Thermal analysis of the WPC samples was carried out on a differential scanning calorimeter (Perkin Elmer Instruments DSC 8000). All DSC measurements were performed with 5 -6 mg powdered samples under a nitrogen atmosphere at a flow rate of 20 mL/min. The values of ΔHm were used to estimate χ (%), which was adjusted for each sample in χcor (%) based on the percentage of polypropylene (PP) in the composite. The degree of crystallinity (χcor) of the PP component was determined using the following equation [20,2 1] :
where ΔHm and ΔH0 are the heat of fusion of the composites and 100 % crystalline polypropylene, respectively, and MF is the filler proportion. In this calculation, ΔH0 was taken to be 207 (J/g) [22] .
Scanning electron microscope (SEM) imaging
A Carls Zeiss Evo LS-10 scanning electron microscope was used to study the fractured surface of the samples. To prepare the fractured surfaces, the samples were first dipped into liquid nitrogen and snapped in half. The samples were then mounted on the sample stub and sputtered with gold.
Fourier transform infrared (FTIR) spectroscopy analysis
The Shimadzu IR Prestige-21 FTIR equipped with ATR was used to study the characterization of the fiber-PP composites. The spectra were recorded between 600 and 4000 cm -1 , with 16 scans per experiment and a resolution of 8 cm -1 . All the spectra for each group were transformed into absorbance spectra averaged before baseline correction and normalization.
Statistical analysis
All results (mechanical and decay) were evaluated with analysis of variance (ANOVA). All means were compared using the Duncan multiple comparison test (95 % confidence interval) using a SPSS statistical program (SPSS 19. 2010). Fig. 1 shows the water absorption of the samples. The water absorption of the unprinted office paper FPCs increased to 9.84 % after 504 h in water. However, the toner-printed office paper FPCs increased to 7.96 % for the same holding period in water. The presence of toner ink in the plastic composites affected the water resistance of the samples positively. On the other hand, the water absorption of unprinted and oil-based ink printed newspaper FPCs had increased to 12.02 % and 11.77 %, respectively, after 504 h in water. Because of the high hemicellulose content, i.e. more amorphous parts, the newspaper (mechanical pulp) fibers absorbed more water than the office paper (chemical pulp) fibers. Similar results were observed by Liu et al. [23] in their study on wood, cellulose and lignin flours as fillers in plastic composites. They concluded that the water uptake values of the cellulose fiber were lower than those of wood fiber as a result of high crystallinity. The ink presence in newspaper FPCs did not significantly affect the water absorption, whereas toner ink presence significantly affected the water absorption of office paper FPCs. The reason for this may be that the toner ink acts as a coupling agent due to high polarity or the filling of the cavity of the plastic composite matrix.
RESULTS AND DISCUSSION
Fig. 1. Water absorption of fiber-rPP composites
The flexural and tensile property values of waste paper FPCs are shown in Table 2 . Composites manufactured from printed office paper fiber ensured higher flexural strength and modulus than composites from unprinted office paper fiber. The flexural strength and modulus values of the composites with unprinted office paper fiber were 24.2 MPa and 2.3 GPa, respectively, while the flexural strength and modulus values of composites with printed office paper fiber were 26.9 MPa and 2.4 GPa, respectively. The flexural strength and modulus values of the composites with unprinted newspaper fiber were 21.3 MPa and 2.3 GPa, respectively, whereas the flexural strength and modulus values of the composites with printed newspaper fiber were 25.1 MPa and 2.5 GPa respectively. The same trend was observed in the tensile properties. Statistically, the flexural modulus and elongation at break (%) values were not significantly different. Significant improvement of flexural strength and tensile property values was observed in printed office paper and newspaper FPCs. These values were significantly different at 5 %. This improvement may be explained by the nature of the toner ink. In most laser imaging systems, toners are dry powders made up of a blend of various types of thermoplastic polymers or copolymers that may be pigmented with iron oxides (≈ 35 wt.%), colored pigments, carbon black and dyes. Example of copolymers includes styrene-butadien, styrene-methacrylate, styrenebutylacrylate or polyacrylates [24] . The polymerization of toners during the printing process results in the formation of larger particles [25] . This process might lead to chemical bonding between the cellulose fiber and the new larger ink particles and to physical entrapment of the cellulose fiber within the large ink particles. Of course, the oxidation creates a greater polarity at the ink surface [7] . This situation has a negative impact on the recycling and deinking of waste office paper fibers, but it may be advantageous in plastic composite manufacturing. In general, the PE and PP, which are widely used in WPC manufacturing, have low polarity and low surface free energy, contributing to a highly hydrophobic nature. Surface modification and functionalization approaches are used to modify the surface properties of these polymers without affecting their bulk properties [1] . During modification, some polar groups are induced in the polymer, and the wettability and hydrophilicity of the polymer increases [26] . In this study, the toner ink content may have increased the polarity of the waste PP. Kazemi-Najafi et al. [1] showed that oxidized PP was more effective than maleic anhydride-grafted polypropylene as a coupling agent for improving the physical and mechanical properties of wood-floor-PP composites. A blend of various thermoplastics and copolymers in the toner may also have been a better fit with polypropylene than the natural fiber. Consequently, the toner-printed fiber-polypropylene composites had better mechanical and physical results than the unprinted fiberpolypropylene composites.
Because of the higher cellulose content, i.e. more crystalline fibers, waste office paper-based composites had better flexural strength and modulus than newspaper fiberbased composites. Ou et al. [27] studied the wood cell wall composition on the rheological properties of wood particle/HDPE composite blends. They concluded that, due to efficient removal of amorphous compositions, the rheological behavior ranked as follows: alpha cellulose/HDPE ˃ hemicellulose removed wood particle/HDPE ˃ wood fiber/HDPE ˃ holocellulose/HDPE.
In Fig. 2 and Fig. 3 , SEM images of the waste paper FPCs are shown. Fig. 2 show the poor dispersion of the filler in the polymer matrix (A and C). Unprinted paper fiber could not couple well with the plastic. Fig. 3 shows good surface adhesion results (B and D). This indicates good encapsulation between the waste paper fiber and the polymer matrix. Some waste paper fibers were embedded in the polymer matrix. The ink-printed paper fiber exhibited relatively better coupling with the plastic than the unprinted paper fiber. Thermogravimetric analysis involves the measurement of the weight loss or gain of a material as a function of time and temperature, and it has proven to be an effective method for evaluating the thermal stability of polymers. The TGA and derivative thermogravimetric curves of recycled PP, unprinted office paper FPC (A), toner (laser) printed office paper FPC (B), unprinted newspaper FPC (C), and oil-based ink-printed newspaper FPCs (D) are shown in Fig. 4 and Fig. 5 , respectively. The decomposition profiles of the composites are characterized by two peaks. The first one, which corresponds to the degradation (TGA) of fibers (hemicelluloses, cellulose, lignin for newspaper / cellulose for office paper), started at about 336, 339, 338, and 291 °C and the maximum weight loss rates occurred at 377, 383, 391, and 409 °C for the composites with unprinted office paper fiber, printed office paper fiber, unprinted newspaper fiber, and printed newspaper fiber, respectively. Office paper fiber (cellulose) composites had lower decomposition temperatures than newspaper fiber (cellulose, hemicelluloses and lignin together) composites. Toner-printed office paper fiber composites had better thermal stability than unprinted office paper fiber composites.
Fig. 5. Derivatives of TGA curves
In the second step, thermal degradation occurred at 458 -496, 450 -495, 457 -491, and 456 -489 °C for composites containing 50 wt.% unprinted office paper fiber, 50 wt.% toner-printed office paper fiber, 50 wt.% unprinted newspaper fiber, and 50 wt.% oil-based ink-printed newspaper fiber, respectively. The physical properties of the plastic composites can be significantly affected by the crystallization characteristics of polypropylene. Table 3 summarizes the results of DSC measurement. The crystallization (χcor) of printed paper plastic composites was higher than that of unprinted fiber plastic composites. The FTIR-ATR spectra of unprinted (A) and printed (B) office paper FPCs, unprinted (C) and printed (D) newspaper FPCs are shown in Fig. 6 . Polypropylene spectrum peaks are very dominant in the composite plastic spectrum, but peaks of C-O in cellulose and hemicellulose can be seen in both office and mechanical paper plastic composite spectra at the 1040 cm -1 wavelength (A, B, C, D). The peaks of C -O in the O=C -O groups (carbohydrates) can be seen in the office paper fiber plastic composite spectra at the 1253 cm -1 wavelength (A, B). Due to the high lignin content, the newspaper fiber plastic composite spectra (C, D) also showed peaks of aromatic skeletal vibration in lignin at 1505 cm -1 and 1593 cm -1 . Additionally, the C=O stretch in xylans can be seen at 1732 cm -1 .
Fig. 6. FTIR-ATR spectra of fillers and FPCs
CONCLUSION
In this study, the suitability of ink-printed waste paper fiber as a filler for plastic composites was investigated. Results indicated that toner ink-printed fiber plastic composites demonstrated much better strength properties, water absorption resistance, and coupling with plastic than unprinted fiber plastic composites. The iron oxide content of toner ink on the fiber surface increased the polarity of the waste polypropylene and caused it to provide better compatibility between the plastic and the fibers. Moreover, the blend of various thermoplastics and copolymers in the toner may also have been a better fit with polypropylene than the natural fibers. In plastic composites, offset-printed fibers gave similar results to unprinted waste paper fibers. These findings indicate that toner-printed office paper which cannot be recycled because of deinking difficulties can be utilized effectively in the composite plastic manufacturing industries without deinking.
